Livestock which are being raised for consumption may be considered as chemical factories, wherein nutri ent chemicals are used as the input and products such as meat and milk are later recovered. As with any other chemical factory, the animals have certain requirements for the input materials, if a maximized production effi ciency is to be obtained. It is desired to feed a ration which is balanced to provide all nutritional require ments for the expected production.
Unfortunately, however, it is very difficult to supply all of the nutritional requirements of livestock, using only the readily available crop feeds. Cattle, for exam ple, may be fed a ration including roughage, such as in alfalfa hay, and concentrates (low-fiber, higher energy materials), such as silage and corn or other grains. The nutritional composition of the ration will be found to vary considerably over a period of time, due to the changes in nutrient content which are observed during various harvesting periods of even a single crop grow ing season, losses in nutrients during storage, and the wide variation in soil nutrient contents from one plot of land to another. For this reason, it may not be practical to provide a completely balanced ration using only crop materials. Supplements have been commonly used to correct nutritional deficiencies in livestock feeds. In ruminants such as cattle, urea or other non-protein nitrogeneous compounds can be added to compensate for a defi ciency of protein in the ration. Various minerals, partic ularly calcium, phosphorus, salt, iodine, and iron are frequently not present in feeds in their required amounts, so are added to those feeds as supplements. Further, the caloric content offeeds can be increased by supplementation with various fats, such as meat by-pro ducts, and sugars, such as molasses. The vitamin content of feeds frequently is insufficient; this situation is cor rectable by appropriate supplementation.
Due to the high costs of the usual animal feeds, it is not always economically feasible to supply a balanced ration with crop materials, even if an appropriate mix ture could be procured. Therefore, locally available by-products, such as sugar beet pulp, wastes from po tato processing factories, grain wastes from breweries or distilleries, wheys, grain hulls, and many other by products which can be obtained at a relatively low cost, are fed to livestock in place of some or all of a more customarily fed crop material. Some supplementation is normally required when such by-products are used.
Supplements are fed in three manners: (1) special feeding, separately from other feeds; (2) offered to the animals on a continuing, free-choice basis; or (3) mixed with other feeds. To assure a more uniform ingestion of the supplements, it is preferable to mix desired amounts with other feeds and present the mixture to the animals at scheduled feeding times. However, considerable problems are often encountered in blending and distrib uting the mixed, supplemented feeds, particularly in facilities such as cattle feed lots and large dairy farms where large quantities of feed must be handled every day. In addition, even if it would be possible to satisfac torily mix dry feed and dry supplement materials, sepa ration invariably will be a problem, as the mixture is handled and distributed to the animals. Further, finely divided particulate solids present a palatability problem with many animals.
These difficulties are avoided, to a large degree, by the use of fluid supplements which can be applied to feeds, such as by a simple spraying before or during distribution. It is, of course, possible to dissolve several supplements (e.g., salt, urea, etc.) in water for applica tion to dry feed materials. Certain other supplements have been suspended in liquids: U.S. Pat. No. 3, 988, 483 to Deyoe et al. relates the formation of an aqueous slurry of a starch-bearing feed material and urea, then cooking the slurry to gelatinize starch and form a sus pension; U.S. Pat. No. 4, 055, 667 to Linton et al. de scribes the formation of a suspension from brewer's spent yeast slurry, a material providing "colloidal wa ter-binding capacity' (such as attapulgite clay), and a number of optional materials; and U.S. Pat. No. 4, 382, 966 to Mickus et al. utilizes xanthan gum as an aid to maintaining an aqueous suspension of calcium car bonate and other animal feed supplements.
SUMMARY OF THE INVENTION
The invention is a "fluid total supplement," in which many desired ruminant nutritional supplement materials can be incorporated. This supplement is generally char acterized by liquid pH values greater than about 9 and contains about 20 to about 40 percent by weight water, with the following typical weight percentages of other components: urea, up to about 15; suspending agent, up to about 2; sodium carbonate, about 2 to about 10; cal cium phosphate, about 2 to about 10; magnesium oxide, up to about 5; dolomite or magnesium carbonate, up to about 20; molasses, about 10 to about 40; limestone, about 5 to about 30; fat, up to about 20; and protein meal, up to about 30. In addition, vitamins, medica ments, and materials which function as digestive aids can be included in the supplement.
DETALED DESCRIPTION OF THE INVENTION
The present invention is a fluid feed supplement, particularly for adding to feed intended for ruminants, which can be made to incorporate several components. An alkaline pH is desired, both for an ability to moder ate acidity in the rumen and for an ability to stabilize highly fermentable feedstuffs, such as grains, silage, potato processing by-products, and the like. This sup plement will be used to correct nutritional imbalances in the feed and is described hereinafter by individually discussing the components and methods for combining the components.
Since it is desired to produce an alkaline supplement, sodium carbonate is used, in amounts about 2 to about 10 percent by weight.
Alkaline buffers are important in feed supplements for cattle which are being fed very high proportions of concentrates in their diets. Saliva which is produced by an animal contains buffering species (including bicar bonate and phosphate). Flows of this saliva are stimu lated by the additional chewing and digestive process ing required for high fiber-containing materials, which stimulation is lessened considerably when a high con centrate (i.e., high starch) ration is consumed. As a consequence of decreased saliva flows and increased rumen fermentation, hydrogen ion concentrations in 4,888,185 3 crease in the rumen, preventing efficient digestion of the feed. Dairy cows, in particular, tend to exhibit de creased milk production and decreased milk fat content as the rumen acid levels increase, which decreases can be reversed by supplementation with alkaline materials.
Sodium carbonate offers certain benefits which would not be obtained by using alkali bicarbonates or sesquicarbonates (e.g., Na2CO3.NaHCO3) in the supple ment. First, sodium carbonate has a higher aqueous solubility, permitting greater flexibility in the formula tion procedure. Further, sodium carbonate is considera bly less expensive, and has a higher neutralization ca pacity than either the bicarbonate or sesquicarbonate. By using the anhydrous form, caking of the sodium carbonate during normal storage will be minimal, re sulting in a greater ease of handling particularly over the bicarbonate. In addition, carbon dioxide evolution, and a resulting foaming, has been observed when so dium bicarbonate is added to aqueous solutions having initial pH values less than about 8; no such problem is found with adding sodium carbonate to solutions which are not strongly acidic. Using sodium carbonate, grad ual chemical changes during storage of the supplement which can cause lowering of the pH will be less likely to bring about carbon dioxide evolution and the attendant foaming.
Limestone is also added to the supplement, in amounts about 5 to about 30 percent by weight. This limestone should be predominately calcium carbonate and have particle sizes less than about 100 mesh (150 micrometers), more preferably less than about 200 mesh (75 micrometers). Although limestone is an effective neutralizer of acids, its effect in the rumen may not be great, since the rumen pH is not normally very much below about 6. However, limestone reactivity at rumen pH levels may be enhanced by increasing the fraction of very small particles, i.e., those less than about 325 mesh (45 micrometers). It is possible that limestone also acts upon a later stage of ruminant digestion; intestinal starch digestion by cattle, which is primarily enzymatic, is reportedly improved with limestone supplementation. In any event, limestone will provide additional calcium to the ration.
About 2 to about 10 percent by weight of a calcium phosphate is used in the supplement of the invention. Soluble phosphates, such as disodium hydrogen phos phate, are not suitable due to their adverse effects (in cluding undesired gelling or other thickening) upon maintenance of a stable suspension. Either dicalcium phosphate (CaHPO4.2H2O) or defluorinated phosphate rock are preferred components. Since the calcium phos phate will remain primarily in suspension, particle sizes should generally be about the same as those of the lime Stone.
The calcium phosphate is included to assure mainte nance of proper skeletal concentrations in mature ani mals, as well as providing the additional requirements of growing, pregnant, and lactating animals. Concentrates are particularly low in calcium, and roughages can be deficient in phosphorus unless phosphate fertilization has been used in the soil in which the roughage crops were grown; including calcium phosphate in the supple ment ensures the presence of adequate amounts in the ration and ensures the proper balance of calcium and phosphorus.
A large number of nutritious by-product liquors are available for including in the supplement, in amounts about 10 to 40 percent by weight, primarily as carbohy 4. drate sources (although many contain significant amounts of proteins, minerals, and other desirable com ponents). These by-product liquors include cane and beet molasses (generally referred to as simply "molas ses'), lignin sulfonate liquors from sulfite paper pulping, citrus molasses, starch molasses, hemicellulose extract (wood molasses), condensed whey products, condensed fermentation solubles, condensed alfalfa solubles, corn steep liquor, condensed Steffens filtrate from sugar factories, and many others. Frequently, the choice be tween the various liquors will be dictated by economic considerations: one or more products will be much less expensive than the others, in a particular locality. Mix tures of liquors are also useful as components of the supplement.
Molasses is a preferred carbohydrate source in the supplement since it is highly concentrated, energy-rich, and readily available. Either cane or beet molasses can be used. This component is desired as a relatively inex pensive carbohydrate source and for increasing palat ability of the supplement and feeds with which it is mixed; cattle, in particular, tend to consume more feeds when molasses is added.
The supplement also includes about 20 to about 40 percent by weight water, to provide a proper fluidity to the mixture. This water should be of appropriate quality for use as livestock drinking water.
Urea can be added to the supplement, in amounts up to about 15 percent by weight, and is highly preferred over ammonium compounds since urea will not release objectionable quantities of ammonia from the alkaline suspension. As discussed, supra, some of a ruminant animal's protein requirements can be supplied by non protein nitrogen compounds; microorganisms in the rumen utilize the nitrogen in urea for their replication and then the bacteria, etc. so produced are digested by the ruminant in later stages of the digestive system. Due to its water solubility, urea will normally be in solution.
Up to about 5 percent by weight magnesium oxide can be included in the supplement, in the form of parti cles having sizes less than about 100 mesh (150 microm eters), more preferably less than about 200 mesh (75 micrometers), both for its pH buffering effect in the rumen and for magnesium supplementation. Dairy cows have been observed to give increased production from supplementation with magnesium oxide, an effect which could be attributed to buffering, correction of a magnesium deficiency, or both. The magnesium oxide should be a "low reactivity' grade which has been calcined at high temperatures, since it has been found that the more reactive grades tend to cause an unaccept able gelling and thickening of the suspension. However, refractory grades, calcined at very high temperatures, are too inert for animal feeding.
Magnesium oxide reactivity is primarily controlled by particle sizes and the degree of calcining, since both factors affect the reactive surface area. While the inven tion is not to be bound to any particular theory, it is currently considered likely that acceptable reactivity will be obtained from magnesium oxides having surface areas, as measured by standard BET techniques, about 2 to about 20 square meters per gram. Materials having higher or lower surface areas may also be acceptable, but appropriate testing will be required to ascertain the formation of acceptable suspensions and availability of the magnesium content to animals.
A presently preferred magnesium oxide is the prod uct named "Animag-200,' and sold by Martin-Marietta 4,888,185 5 Chemicals. This material has a typical surface area about 5 square meters per gram and a desirable particle size distribution: typically at least 95 weight percent passing through a 200 mesh (75 micrometers) sieve.
As an alternative to, or in addition to, magnesium oxide, dolomite or magnesium carbonate can be a com ponent of the supplement, in amounts up to about 20 percent by weight. Particle sizes should generally be similar to those of the magnesium oxide, to keep the material in suspension. If dolomite is to be added, its calcium content may be determined and a correspond ing amount of limestone deleted from the formulation, although dolomitic calcium may not be as available to the animal as is calcium from limestone.
Fat materials can be quite economical energy sources for animals and can be included in the supplement of this invention, in amounts up to about 20 percent by weight. These fats can be of animal or vegetable origin, including rendered tallows and greases from animal sources and acidulated soap stocks produced as by-pro ducts in the alkali refining of crude vegetable oils. Gen erally, fats used for animal feeding contain significant amounts of free fatty acids (e.g., about 10 to about 90 percent by weight), as well as triglycerides. In addition to being an energy source, the fatty acid material ap pears to greatly assist in maintaining a stable suspension, possibly due to soap formation through a reaction with alkaline components of the supplement. By using an appropriate amount of fat, a stable suspension can be produced without a need for any additional suspending agents.
Suspending agents which are useful in the supplement include clays and polysaccharide guns. Dispersed clays, such as attapulgite, sepiolite, bentonite, and the like can be added, in amounts at least about 0.5, more preferably about 0.5 to about 2 percent by weight of the supplement. Useful gums include xanthan gum and the less expensive mixtures comprising 1 part xanthan gum plus tip to 3 parts guar gum; gums should be used at a level at least about 0.05 percent by weight, but are nor mally not required to be present in amounts greater than about 0.2 percent by weight. The gums are considerably more expensive than are the clays, so will be likely to find less utility in the practice of the invention.
When the supplement contains magnesium oxide, but no fats, clay suspending agents will not provide suspen sions which are stable for more than a few days. Con currently with the observed decline in viscosity is a pH increase from initial values about 10 to values about 11.
By omitting magnesium oxide, with or without a substi tution of dolomite to provide magnesium, clays work very well as suspending agents. Further, even if magne sium oxide is present, clays will be suitable suspending agents if at least about 2 percent by weight fat is also present.
For use with feeds which are low in protein, up to about 30 percent by weight of protein meals can be incorporated into the supplement. These meals include linseed meal, cottonseed meal, soybean meal, fish meal, meat meal, skim milk powder, brewer's yeast, and many others. Mixtures of the meals are also useful. To main tain a stable suspension, particles of the protein meals usually should not exceed about 20 mesh (850 microme ters), although these low density, porous materials tend to assume the density of a liquid medium, when wetted; particle size is not particularly critical. creasing the milk production of dairy cows, comprising mixed ammonium salts of isobutyric, valeric, isovaleric, and 2-methylbutyric acids. The material is commer cially available as a mixture of calcium salts from East man Chemicals Division of Eastman Kodak Company, under the name IsoPlus TM Nutritional Supplement. The present suspension has been found to be an ideal vehicle for incorporating these and other volatile fatty acids having about 4 to about 5 carbon atoms, in amounts up to about 10 percent by weight. Due to the alkaline nature of the suspension, hydrolysis of the acid salts is effectively suppressed, thereby preventing the exceptionally disagreeable odor which would accom pany free acid formation. Also, palatability of the com pounds to the animals is enhanced by the "masking' action of the alkalinity and other suspension compo ents.
In addition to the foregoing, other components such as vitamins, medicaments, and the like can be added, as desired for correcting nutritional deficiencies or in proving the health of livestock.
To prepare the supplement composition, aqueous materials are placed in a vessel with suspending agents, the liquid is agitated, and insoluble components are introduced. Agitation must be continued until a uniform suspension is obtained. It is preferred that a "high shear" mixer be used, as is utilized for preparing suspen sion fertilizers.
The supplement of this invention can be easily mixed with animal feeds, using equipment which is customar ily used for preparing feed mixtures. In many large feeding operations, devices such as rotating drum shaped mixer vessels are used to mix roughages and concentrates; supplement suspension can be sprayed onto other feed components as they are conveyed to the mixer. Alternatively, the suspension can be sprayed into the mixer, while it is in operation with a load of feeds. Combination of feeds and the supplement can also be accomplished in a more simple manner, by spraying or sprinkling the fluid material onto feeds during, or imme diately following, distribution of the feeds, e.g., in a manger. Numerous other methods are suitable, as will occur to those in the art.
The following examples are illustrative of various aspects of the invention and are not intended to limit the invention, the scope of the invention being fully defined by the appended claims. In the examples, all percent ages are expressed on a weight basis. EXAMPLE 1.
Suspension supplements for cattle feeding are pre pared, using the materials described in Table I . The preparative method begins with placing the first com ponent in a vessel equipped with a mixing device, agitat ing the component, and then sequentially adding the remaining components in the listed order, with continu ous agitation. The components include an aqueous urea solution, a colloidal dispersion of sepiolite clay in water, either 86 Brix cane molasses or 80' Brix beet molasses, limestone containing 38 percent calcium, and a fat mix ture containing about 30 percent free fatty acid and 95 percent total fat, derived from a commercial blend of animal and vegetable source by-product fats.
The resulting suspensions do not show significant changes in viscosity upon standing for a period of at least 30 days and do not have visible separation to form a clear layer. After 17 days, the initial pH (9.6) of the cane molasses-containing suspension is unchanged, and 4,888,185 7 the beet molasses-containing suspension has changed only slightly, from an initial pH of 9.8 to one of 10.2. Suspensions are prepared using the components of the preceding example and a similar procedure, except that dolomite containing 13 percent magnesium and 22 calcium is substituted for the magnesium oxide. The formulation is described in Table II. These suspensions are stabilized against significant viscosity changes and visible clear layer separation for a period of at least 30 days. After 17 days, the cane molas ses suspension is seen to change from an initial pH of 9.5 to a value of 8.9, while the beet molasses suspension changes from pH 9.7 to a value of 9.0. Experiments are conducted to determine the effects of fat and clay suspending aid concentrations upon suspension stability.
The components of Example 1, including cane molas ses, are used to prepare suspensions containing no clay and varying amounts of fat. Incrementally higher fat concentrations cause continued increases in viscosity and decreases in the amount of clear supernatant liquid observed after the suspension stands undisturbed for 21 days; fat concentrations greater than about 8 percent give suspensions having no visible clear liquid. De creases in pH accompany increased fat concentrations.
Viscosity and pH values for suspensions so prepared are summarized in Table III . Viscosity is measured at 22 C. with a Brookfield Rotational Viscometer, using a No. 4 spindle at 20 rp.m. attapulgite, and sodium bentonite clays. Viscosities of these suspensions are summarized in Table IV , as mea sured in a manner similar to that described above. Another series of suspensions contains 1 percent dis persed sepiolite clay as the suspending agent and vary ing amounts of fat are included. Viscosities of the sus pensions are summarized in Table V , as measured in a manner described above. Further experiments indicate that suspensions containing about 2 to about 4 percent fat have suitable stabilities when about 1.5 percent clay is included, and suspensions with about 8 percent fat are stable when about 0.5 percent clay is used. Suspensions are prepared using the components of Example 1, including cane molasses, but substituting various concentrations of polysaccharide gum suspend ing agents for the clay, and omitting the fat. Viscosity is measured in the suspensions at 22 C. using a Brookfield Rotational Viscometer having a No. 4 spindle, and rotating at 20 rp.m. Results are summa rized in Table VI , showing the acceptable viscosities obtained with these suspending agents, even in the pres ence of magnesium oxide. In the table, "X" indicates xanthan gum sold by Kelco Company under the name Kelfio. "X-G' indicates a mixture containing 1 part of the above-described xanthan gum and 3 parts of guar gum sold by Celanese Chemical Company under the name Jaguar A40-F. Various embodiments and modifications of this in 60 vention have been described in the foregoing discussion 65 and examples, and further modifications will be appar ent to those skilled in the art. Such modifications are included within the scope of the invention as defined by the following claims.
What is claimed is:
1. An alkaline animal feed supplement composition consisting essentially of an aqueous suspension of the components: and a suspending agent which is either: (a) at least about 0.05 percent by weight of a gum or (b) at least about 0.5 percent by weight of a clay, the feed supplement com position having a pH at least about 9 and being capable of remaining fluid upon standing for at least 17 days. 2. The composition defined in claim 1, wherein the suspending agent is a clay.
3. The composition defined in claim 2, wherein the clay is selected from the group consisting of attapulgite, sepiolite, bentonite, and mixtures thereof.
4. The composition defined in claim 1, wherein the suspending agent is a gum.
5. The composition defined in claim 4, wherein the gum is selected from the group consisting of xanthan gum and blends of xanthan gum and guar gum.
6. The composition defined in claim 1, wherein the by-product liquor is selected from the group consisting of cane molasses, beet molasses, lignin sulfonate li quors, citrus molasses, starch molasses, hemicellulose extract, condensed whey products, condensed fermen tation solubles, condensed alfalfa solubles, corn steep liquor, condensed Steffens filtrate, and mixtures thereof.
7. The composition defined in claim 1, wherein the by-product liquor comprises cane molasses or beet mo lasses.
8. The composition defined in claim 1 further consist ing essentially of urea, in an amount up to about 15 percent by weight. 9. The composition defined in claim 1, further consist ing essentially of magnesium oxide, in an amount up to about 5 percent by weight, 10. The composition defined in claim 1, further con sisting essentially of dolomite, in an amount up to about 20 percent by weight.
11. The composition defined in claim 1, further con sisting essentially of magnesium carbonate, in an amount up to about 20 percent by weight.
12. The composition, defined in claim 1, further con sisting essentially of fat, in an amount up to about 20 percent by weight.
13. The composition defined in claim 12, wherein fat comprises at least about 2 percent by weight, and the suspending agent is a clay.
14. The composition defined in claim 1, further con sisting essentially of protein meal, in an amount up to about 30 percent by weight. - 15. The composition defined in claim 1, further con sisting essentially of one or more salts of volatile fatty acid, in an amount up to about 10 percent by weight.
16. The composition defined in claim 15, wherein said volatile fatty acid is selected from the group consisting of isobutyric acid, valeric acid, isovaleric acid, 2 methylbutyric acid and mixtures of two or more thereof.
17. The composition defined in claim 1, further con sisting essentially of one or more vitamins.
18. The composition defined in claim 1, further con sisting essentially of one or more medicaments. 20. The animal feed supplement composition of claim 1 wherein the composition is substantially devoid of magnesium oxide that is not low reactivity grade. 21. The animal feed supplement composition of claim 1 wherein the composition is substantially devoid of soluble phosphates.
22. The animal feed supplement composition of claim 1 wherein the composition is substantially devoid of ammonium compounds capable of releasing objection able quantities of ammonia from the composition.
23. The animal feed supplement composition of claim 1 wherein the composition is substantially devoid of soluble phosphates, magnesium oxide that is not low reactivity grade, and ammonium compounds capable of releasing objectionable quantities of ammonia from the composition.
24. An alkaline animal feed supplement composition, which consists essentially of an aqueous suspension comprising, as components of said suspension, water, sodium carbonate, calcium phosphate, nutritious by product liquor, limestone, urea, low reactivity grade magnesium oxide, dolomite, magnesium carbonate, fat, protein meal, and a suspending agent; wherein (1) the components other than said suspending agent are pres ent and in the amounts set forth:
COMPONENT
WEIGHT PERCENT and (2) said suspending agent is either (a) a gum in an amount of at least about 0.05 percent by weight or (b) a clay in an amount of at least about 0.5 percent by weight, the feed supplement composition having a pH of at least about 9 and being capable of remaining fluid upon standing for at least 17 days. 25. The composition defined in claim 24, further con sisting essentially of one or more salts of volatile fatty acid, in an amount up to about 10 percent by weight.
26. The composition defined in claim 25, wherein said volatile fatty acid is selected from the group consisting of isobutyric acid, valeric acid, isovaleric acid, 2 methylbutyric acid and mixtures of two or more thereof. w 27. The composition defined in claim 24, further con sisting essentially of one or more vitamins.
28. The composition defined in claim 24, further con sisting essentially of one or more medicaments.
29. The animal feed supplement composition of claim 24 wherein the composition is substantially devoid of magnesium oxide that is not low reactivity grade.
30. The animal feed supplement composition of claim 24 wherein the composition is substantially devoid of soluble phosphates. 4,888,185 11 31. The animal feed supplement composition of claim 24 wherein the composition is substantially devoid of ammonium compounds capable of releasing objection able quantities of ammonia from the composition.
32. The animal feed supplement composition of claim 24 wherein the composition is substantially devoid of soluble phosphates, magnesium oxide that is not low reactivity grade, and ammonium compounds capable of releasing objectionable quantities of ammonia from the composition.
33. An alkaline animal feed supplement composition, which consists essentially of an aqueous suspension comprising, as components of said suspension, water, sodium carbonate, calcium phosphate, nutritious by product liquor, limestone, urea, low reactivity grade magnesium oxide, dolomite, magnesium carbonate, fat, protein meal, a salt of a volatile fatty acid, and a sus pending agent; wherein (1) the components other than said suspending agent are present and in the amounts set forth: and (2) said suspending agent is a clay in an amount of at least about 0.5 percent by weight the feed supplement composition having a pH at least about 9 and being capable of remaining fluid upon standing for at least 17 days.
34. The composition defined in claim 33, wherein said volatile fatty acid is selected from the group consisting of isobutyric acid, valeric acid, isovaleric acid, 2 methylbutyric acid and mixtures of two or more thereof.
35. The composition defined in claim 33, wherein the by-product liquor is selected from the group consisting of cane molasses, beet molasses, lignin sulfonate liquors, citrus molasses, starch molasses, hemicellulose extract, condensed whey products, condensed fermentation solubles, condensed alfalfa solubles, corn steep liquor, condensed Steffens filtrate, and mixtures of two or more of the foregoing.
36. The composition defined in claim 33, wherein the by-product liquor comprises cane molasses or beet mo lasses.
37. The animal feed supplement composition of claim 33 wherein the composition is substantially devoid of magnesium oxide that is not low reactivity grade.
38. The animal feed supplement composition of claim 33 wherein the composition is substantially devoid of soluble phosphates.
39. The animal feed supplement composition of claim 33 wherein the composition is substantially devoid of 30 35 45 50 55 65 ammonium compounds capable of releasing objection able quantities of ammonia from the composition.
40. The animal feed supplement composition of claim 33 wherein the composition is substantially devoid of soluble phosphates, magnesium oxide that is not low reactivity grade, and ammonium compounds capable of releasing objectionable quantities of ammonia from the composition.
